Abstract: Dwarf spheroidal galaxies are characterized by a large measured mass-to-light ratio and are not expected to be the site of high-luminosity non-thermal high-energy gamma-ray emissions. Therefore they are among the most promising candidates for indirect searches of dark matter particle annihilation signals in gamma rays. The Sagittarius dwarf spheroidal galaxy has been regularly observed by the High Energy Stereoscopic System (H.E.S.S.) of Cherenkov telescopes for more than 90 hours, searching for TeV gamma-ray emission from annihilation of dark matter particles. In absence of a significant signal, new constraints on the annihilation crosssection of the dark matter particles applicable for Majorana Weakly Interacting Massive Particles (WIMPs) are derived.
Searching for dark matter
A large number of observations from Galactic to cosmological scales support the explanation that Dark Matter (DM) would be composed by a new type of particle although its nature remains unknown. The proposal of WIMP predicted by theories beyond the Standard Model of particle physics provides a relic abundance accounting for the inferred amount of DM [1] . The WIMP search is conducted in three ways: by particle production at the LHC, probing the theories of Standard Model extension; by searching for nuclear recoil signals experiments, probing the WIMP scattering cross section; by indirect searches of a signal in the secondary products of WIMP annihilation, probing the corresponding cross section.
Potential spectral signatures in gamma rays can be classified in mainly strong spectral features and ambiguous signals. The first class is for instance due to annihilation into γγ or Zγ producing a sharp line spectrum with a photon energy depending on the WIMP mass, e.g. the Supersymmetric (SUSY) neutralino hypothesis. Unfortunately, these processes are loop-suppressed and therefore very rare. To some extent more ambiguous are signals due to continuum emission from pion decay resulting from the WIMPs annihilation in pairs of leptons or quarks. The number of gamma rays finally originated by WIMP annihilation depends quadratically on the DM density along the line of sight of the observer. This motivates a number of promising targets for indirect DM searches, namely those with known density enhancements, in particular the Galactic Centre and close-by dwarf galaxies and galaxy clusters. More specifically, assuming the ΛCDM cosmological model, the hierarchical collapse of small over-densities are formed by D-M structures which may also host smaller satellite structures and it has been proposed that dwarf spheroidal galaxies may have formed within some of these sub-halos hosted in the larger Milky Way DM halo [2] .
Sagittarius Dwarf Spheroidal Galaxy
The Sagittarius Dwarf Spheroidal Galaxy (SgrD) was discovered in 1994 and it is located at RA = 18 h 55 m 59.9 s , Dec = -30 • 28 ′ 59.9 ′′ in equatorial coordinates (J2000.0), at a distance of about 24 kpc from the Sun [3] . SgrD is one of the nearby dwarf spheroidal companion galaxies of the Milky Way. Characterised by an extremely low surface brightness it has been estimated that SgrD orbits the Milky Way within less than a billion years and therefore it must have already passed through the galactic plane at least about ten times. Although its high level of tidal disruption, the hypothesis of a large DM content would be responsible to hold onto so many of its stars and for so long.
H.E.S.S.
The High Energy Stereoscopic System (H.E.S.S.) is an array of Imaging Atmospheric Cherenkov Telescopes (IACTs) the working principle of which is based on the detection of faint Cherenkov light from the gamma-ray-induced air showers in the atmosphere. Located in the Khomas Highland in Namibia, 1800 m above sea level, H.E.S.S. began operation in 2003 with four 13 m dish-diameter telescopes, equipped with cameras containing 960 photomultiplier tubes (PMTs) and operated in a coincidence mode, in which at least two of them must have been triggered for each event within a coincidence window of 60 ns. Since September 2012 one additional larger 28 m dishdiameter telescope (and a camera with 2048 PMTs) has started operation enabling to achieve a larger sensitivity of the full array in the range of about 100 GeV to 10 TeV while increasing the lower energy domain to ∼ 30 GeV by exploiting the larger telescope in standalone mode.
The H.E.S.S. collaboration observed SgrD searching for a potential emission of very-high-energy (VHE) gamma rays during 11 h in 2006. In absence of any signal an upper limit on the gamma-ray flux and a constraint on the velocity-weighted annihilation cross-section in the frame of SUSY models as well as extra-dimensions models were published [4] . A deeper observation of SgrD was conducted accumulating further 90 hours of observation in 2007-2012 using the four 12 m dish telescopes. In the following the procedure and the results of the analysis of these new observations are described and discussed.
Observations and data analysis
H.E.S.S. has observed SgrD from 2006 to 2012. The observations were performed in wobble mode, i.e. with the target offset by 0.7 • to 1.1 • from the pointing direction, enabling simultaneous background estimation and in the same field of view. The data used for the analysis were taken at different zenith angles spanning from few degrees up to 45 • and an average value of ∼ 14 • over the full data sample. Some standard quality selection cuts were applied resulting in a reduction of the data of about 13% corresponding to a total 91.5 live-hours data analysed.
The X e f f analysis was employed for the selection of gamma-ray events and for the suppression of cosmic-ray background events. X e f f denotes a multivariate analysis method developed to improve signal-to-background discrimination, which is important in searches for weak signals [5] . The X e f f method improves the separation of gamma and cosmic-ray events compared to the standard H.E.S.S. analysis [6] , by exploiting the complementary discriminating variables of three reconstruction methods 1 in use in the H.E.S.S. analysis. The resulting unique discriminating variable X e f f acts as an event-by-event gammamisidentification probability estimator. The definition of the X e f f probability function follows the relation: 
Results
No significant gamma-ray excess was found above the es- 1. The three reconstruction methods are referred to as Hillas [7] , Model [8] and 3D-model [9, 10] .
Sagittarius dwarf spheroidal galaxy observed by H.E.S.S. 33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013 thus deduced using the Feldman & Cousins [12] method. This limit is computed using the number of events registered on target region (ON=2181), those corresponding to the background (OFF=27958) normalized by the ratio (α=13) between the on-source and the off-source livetimes. The result is N 95%C.L. γ = 123. Effects of uncertainties on background and α can be safely neglected.
Such a limit can be used to constrain indirectly the WIMP annihilation cross-section in a specific modeling context. In order to do so it is worth to remind that the differential gamma-ray flux (dΦ γ /dE γ ) due to DM particle annihilation depends on the following items:
• the particle physics coupling of the DM particle;
• the intrinsic DM density distribution in the source;
• the field of view ∆Ω within which the signal is integrated along the line of sight by the observer.
It is usually factorised into two terms:
where the first factor (Φ pp ) takes into account the particle physics model for the WIMP annihilation, while the second factor (called J-factor in the following) accounts for the astrophysics model and denotes the DM density distribution in the source.
The particle physics factor is given by:
where σ ann v is the velocity-averaged annihilation cross section, m χ is the WIMP particle mass, and dN γ /dE γ is the differential gamma-ray spectrum summed over the whole final states weighted by their corresponding branching ratios. In this work, for simplicity and homogeneity with previous similar estimates, all channels are taken into account by using a parametrised average spectrum (from Bergström et al. [13] ):
where
In the astrophysical factor, the integral along the line of sight of the squared density of the DM distribution in the object is averaged over the instrument solid angle of the integration region. For this analysis with H.E.S.S., ∆Ω = 2 × 10 −5 sr since we are looking for an almost pointlike signal considering the point-spread function of the instrument:
Two different models of the DM halo of SgrD were considered in the analysis published by the H.E.S.S. collaboration in 2008 [4] . They turned out to be too optimistic since the dwarf disruption by tidal winds was ignored. Recent measurements (by Niederste-Ostholt et al. [14] ) have made possible to scale down the previous density estimate since only 30-to-50% of the luminosity of SgrD is assumed currently still bound to the remnant core. Recently new modeling of the SgrD density which takes into account tides have been published [18] . Such new densities are considered in this work. For completeness the approach followed and the results obtained in [18] are here summarised. A D-M halo described by NFW profile [17] is first considered:
where parameter values: r s = 1.3 kpc is a scale radius and ρ s = 1.1 × 10 2 M ⊙ pc 3 is a characteristic density. An isothermal profile for DM halo is also considered. It is proposed by Peñarrubia et al. [15] assuming that SgrD is a late-type, rotating disc galaxy. In this model, the galaxy is composed of a stellar disk and a DM component with the following density distribution:
where m h is the halo mass, r c is the core radius and α ≃ 1.156. It is found that the properties of the stream are not particularly sensitive to the value of the choice of the core radius at r c = 0.45 kpc. Assuming an initial luminosity of ∼ 10 8 L ⊙ [14] and a mass-to-light ratio of 24 [16] , the total mass of the halo is found to be m h = 2.4 × 10 9 M ⊙ . To take into account the lost of the outer halo envelope due to tidal disruption by the Milky Way, a truncation in the DM density profile is imposed at r cut = 12 r c = 5.4 kpc. It roughly corresponds to the tidal radius of a satellite galaxy at pericenter of 15 kpc with a mass ∼ 3 × 10 9 M ⊙ . The J-factors can be computed using the equation 5. They are summarised for both approaches in table 1 as extracted from [18] . It is important to remind that according to the authors of [18] the uncertainties on the halo profile parameters are still large and can affect the value of the astrophysical factor by a factor of 2. Finally the 95% C.L. upper limit on the velocity-weighted annihilation crosssection as a function of the WIMP particle mass and for a given halo profile is computed as:
where T obs is the observation time dedicated to SgrD (91.5 hours) and A e f f (E) is the H.E.S.S. effective area. The exclusion curves for the SUSY neutralino are shown in figure  3 referring to the two halo profiles as in table 1. The exclusion limits depend on the particle mass and the best sensitivity is reached at 1-2 TeV with the value of ∼ 4×10 In order to compare the H.E.S.S. exclusion limit to the predictions of a set of realistic particle physics models, we performed a scan of the Next-to-Minimal Supersymmetric Standard Model (NMSSM) [20] that constitutes one of the most well-motivated extensions of the Standard Model, both theoretically and phenomenologically, especially in light of the recent discovery of a Higgs-like particle at the LHC [22, 23] . The scan was performed 2 using the publicly available code NMSSMTools 3. 130]GeV were retained. For computing of the predicted relic density according to WMAP-7 and thermally averaged self-annihilation cross-sections at zero velocity for each considered model, the micrOMEGAs-3.1 [26] was used imposing a loose relic density constraint of Ω DM h 2 ∈ [0.087, 0.14], thus resulting in more than 9000 viable points. As a conclusion from this scan, the capability to provide a complementary constraint to LHC seems to be limited for the somewhat less conventional models as inferred from figure 3, however in agreement with mostly studied constraint MSSM models. It would be not necessarily the case for alternative models, e.g. leptophilic models with light mediators [27] , to be studied further.
Conclusions
The Sagittarius dwarf spheroidal galaxy has been observed with H.E.S.S. for more than 90 hours, thus enabling efficient search for a dark matter signal coming from this Milky Way satellite. The absence of a signal leads to constraints on the velocity weighted mean annihilation crosssection as a function of WIMP mass which were compared to NMSSM models. The dark matter halo modeling has crucial impact on the derived limits; an increase in detector sensitivity is mandatory to improve the search potential (as expected with the Cherenkov Telescope Array).
